The chloroplast has its own protein-synthesizing system, different from the nuoleo-cytoplasmic and mltochondrlal systems of the same cell, but It is dependent on the activities of the nuolear genome for both formation and sustained function. Chloroplast DNA contains genes for chloroplast rRNAs, a full complement of tRNAs, and about 80 proteins (reviewed in ref. 1). The other proteins found in the chloroplast are imported products of the nucleo-oytoplasmio system (e.g. ref.
INTRODUCTION
The chloroplast has its own protein-synthesizing system, different from the nuoleo-cytoplasmic and mltochondrlal systems of the same cell, but It is dependent on the activities of the nuolear genome for both formation and sustained function. Chloroplast DNA contains genes for chloroplast rRNAs, a full complement of tRNAs, and about 80 proteins (reviewed in ref. 1). The other proteins found in the chloroplast are imported products of the nucleo-oytoplasmio system (e.g. ref.
2).
Chloroplaot ribosomes belong to the eubaoterial 70S class and, like bacterial ribosomes, they contain 50-55 proteins. Only about a third of these are encoded in the chloroplast DNA and synthesized within the organelle where ribosomes are assembled (3, Subramanian, Larrlnua and Bogorad, unpublished observations). Rlbosome assembly is a oomplex yet precisely ordered process and it is likely that many of the organelle-encoded ribosomal proteins are involved in the actual assembly process or in its regulation.
In this paper we give the nucleotide sequence of a cloned fragment of maize chloroplast DNA and show that it encodes a protein sequence homologous to bacterial rlbosomal protein Si. The latter Is a primary 16S rRNA binding protein required In the early 3tages of the assembly of 30S ribosomal subunits. The conclusion of this study has been mentioned in a recent review (1) .
MATEBIALS AND METHODS
Plasmid pZmo 3119, which contains Bam fragment 5 of maize chloroplast DNA cloned into RSF 1030, was used (4) . DNA was isolated as described previously (5) . DNA fragments were sequenced using the chemical degradation method of Maxam and Gilbert (6) . For sequencing, DNA fragments were labeled at their 5'-ends using T4 polynucleotide kinase (Bethesda Research Laboratories) and were either redige3ted with an appropriate restriction endonuclease or strands were separated before the chemical chain-breaking reactions were performed.
RESULTS AND DISCUSSION
Bam Fragment 5_ contains an open reading frame encoding a 23.5 Kd_ protein.
Bam HI fragment 5 ( •  TCGGTTCAAATCCGATAGTCGG  •+  •  -300  »  •  •  •  _250  CT11T1 "1 Tl'CTATCQATGTTCTATOAAC AAG AATTTCTOTTTT ICTCCOAAT AA AATGOOQ AATCAOOQTCT ATTATGTC  •  •  "-35"  •  - Table 1 .
The most striking feature of the polypeptide is its high content of basic amino acids; the 23 residues eaoh of lysine and arginlne constitute almost a quarter of the total residues. Fig. 1 The N-termlnal amino acid sequenoes of the Si homoloRues from Bacillus subtlllla and Baoillua stearothermophllus are known (13) . The amino aoid sequence of only one chloroplast r-protein has been determined directly (11) . It is protein L12, a highly conserved protein in the bacterial ribosome, functionally Involved in the GTP hydrolysis stops of protein biosynthesis. Amino acid sequences of the LI2 proteins showed 50-60% homology (50J identical residues and 10% conservative replacements) between bacteria and ohloroplast (14) . Therefore the 10-50? homology between Si and ORF 201 protein, we believe, is strong enough to warrant the conclusion that ORF 201 is the gene for maize chloroplast r-protein Si; accordingly we designate this gene rpSi.
ORF 201 protein is a distinctly more basic protein than E^ ooll Si. Whether these sequences do in fact have roles in transorlption remains to be determined experimentally.
Codon and synonym usage.
The codon usage pattern ln ORF 201 is given in Table 2 . Fifty-four of the 61 amlno acid oodons are used in this gene. The corresponding numbers are 58 and 59, respectively, for maize chloroplast genes rcL and cf1B (10, 15) .
Highly expressed chloroplast genes show less strong synonym preference than do bacterial and animal genes. Indeed, some of the preferred synonyms of highly expressed bacterial and animal genes (16) are biased against in the chloroplast. Data summarized in Table 3 (16, 18) . data are from of other highly striking is the example of CUG, one of the leucine sextet of synonyms which is highly preferred in bacterial and animal cells (16) . In the maize ohloroplast genome it has the distinction of being one of the least frequently used oodons. Also shown in Table 3 
